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ABSTRACT
The Animal welfare science is mostly focused on evaluating and improving the quality of life of animals that actually exist. This leaves out a range of ethically relevant issues regarding the quantity of life -in terms of number of animals living and the longevity of each animal. In many cases quantity and quality are related, and often there is a tension between the two. In this chapter, we develop a discussion around four practical cases presenting quality-quantity dilemmas: a) the issue of dairy cow longevity, b) the early slaughter of male dairy calves, c) the killing of newly-hatched male layer chicks and d) the conflict between reduction and refinement in animal research. The practical, economic and animal welfare aspects characterizing each case are presented together with relevant stakeholders' perspective. We discuss the cases in light of the most relevant currents of thought in animal ethics, highlighting the main values at stake and which possible solutions may be sought according to each perspective.
INTRODUCTION
Most of the attention in animal welfare science, be it in practical research or in theoretical discussion, is given to how animals live their lives, that is the quality of life. But dilemmas around the killing of animals also involve considerations of the value of life. This kind of discussion is perhaps most visible in companion animal medicine, where euthanasia may relieve a severely ill animal from further suffering but at the same time breaks a strong human-animal bond and leaves a grieving owner alone. It is the companion animal angle that Sandøe and Christiansen (2007) take as a starting point for their analysis of the ethical issues at stake. However, related dilemmas arise in all fields of animal use. In this paper we rely on cases from farming and animal experimentation to widen the discussion.
In particular when moving outside of the companion animal field, the concept of quantity takes on two possible meanings: Quantity as lifespan (longevity) of individual animals and Quantity as the number of animals (at a given moment in time or accumulated numbers over time). Both of these aspects are relevant for a discussion on the value of animal life in farm and laboratory animals.
In this chapter, we consider them both in discussing the following four dilemma cases:
Dairy cow longevity where concern is arising over the decreasing lifespan of dairy cows, which seems to present a choice between more cows living less time (and possibly with worse welfare) or fewer cows living more time (and supposedly a better life)
Male dairy calves which may be slaughtered at less than a week of age (thus having extremely short lives) or fattened for a few months under questionable conditions to produce veal (longer lives but of debatable quality)
Male layer chicks that are typically killed at hatching and where the most plausible alternative to be developed seems to be a further shortening of this extremely short existence.
Laboratory animals where the re-use of animals in multiple experiments and the principle of reduction of animal numbers give rise to dilemmas between quality of life and quantity of animals.
These dilemmas involve issues having to do with the quality and duration of the lives of animals that will be born and live, and the discussion will focus on these issues. However, some issues of whether or not certain animals would be brought into existence will also be addressed.
There are some more fundamental philosophical issues that are relevant for life and death decisions affecting animals but which go beyond the scope of this paper.
These include the challenge of deciding whether the life of another individual of a different species is worth living, and questions having to do with whether animals have a will to live or a notion of the future and how having or lacking these concepts interacts with the harm caused by death. Others (e.g. Bruijnis et al., 2012; Yeates, 2011) have addressed these questions in detail and we refer the interested reader to these texts.
To shed light on the four situations we consider the practical issues involved -such as the existence and feasibility of alternatives -in combination with the ethical issues at stake. We develop the discussion against the background of the major theoretical considerations around balancing quality and quantity, which implies considering the value of animal life, and also in the light of relevant surveys and focus group discussions.
FOUR PRACTICAL CASES

Longevity of dairy cows
There is widespread concern over a decrease in longevity of dairy cattle (although reversing trends have been reported (Farm Animal Welfare Council, 2009) ). Before the intensification of farming practices during the second half of the 20th century there were records of Jersey cattle living more than 25 years (Odlum, 1950 ) but today it is common for Holstein cows to be culled at four years of age. The reasons for this dramatic decrease in life expectancy are multiple. It has been argued that they derive from the genetic selection of dairy cows for increased milk yield: high-producing dairy cows suffer from production diseases such as lameness, mastitis, ketosis and reduced fertility (Oltenacu and Broom, 2010) (and may also have other welfare problems: Figure 1 ).
These diseases have great impact on the health and the welfare of animals and on their productivity. It is often the low economic viability that supports the decision of (early) culling. In a recent analysis of cattle mortality in France between 2003 and 2009 (and relying on a database of 75 million animals), Perrin and colleagues (2011) identified a peak of mortality in both beef and dairy cows at around three years of age. In beef cattle, killing the animal is a requirement for getting the product. In contrast, milk is produced by living animals, and the mortality peak at three years requires a different explanation; however, the cited study does not distinguish between different reasons for mortality. There is also a complex interaction between genetic progress, the availability of replacement heifers and decision-making over culling. A farmer may keep most or even all healthy heifers to ensure sufficient replacement, and for each heifer ready to calve the least productive cow in the herd will be culled. Considering genetic progress, the heifer can be assumed to be 'genetically superior' to the cow she replaces, so at the time point culling and replacement will be a sensible decision, even though in a larger perspective the decline in longevity driven by such decisions may be questionable (Erling Strandberg, personal communication).
Figure 1.
Holstein-Friesian dairy cow conformation has changed over years of selective breeding, resulting in taller, longer and thinner cows. Note that the lying cow in this photo from a UK dairy farm is longer than the bedded stall. Photo: Manuel Magalhães-Sant'Ana.
The high-yield systems have a somewhat contradictory effect on the number of existing lactating cows: fewer animals are needed to produce the same amount of milk, but there is an increased need of replacement heifers to renew the short-lived animals. In Europe, the total volume of milk production has been constant for several decades, despite a gradual decline in the number of dairy cows that exist at any given time (Hocquette and Chatellier, 2011) , a trend that can also be found in other developed countries (FAOSTAT, 2012) . This has other consequences outside the dairy industry because, after slaughter, dairy cows provide meat and leather. The dairy sector represents 57% of global cattle meat production (FAO, 2010) , although this figure includes bull calves of dairy breeds raised specifically for meat production.
Although duration of life is rarely considered an animal welfare issue, longevity can be used as an indicator of welfare. Bruijnis and co-workers use the case of dairy cow lameness as a proxy to consider longevity as a constitutive element of animal welfare. They argue that an animal should be allowed to live long enough to have the opportunity to perform species-specific behaviours and to flourish, an important part of "natural living", a concept they include in animal welfare (Bruijnis et al., 2012) .
Natural living is a concept particularly pertinent within the context of organic farming, but Vonne Lund does not seem to include longevity as an element of natural living in her seminal paper (Lund, 2006 calves from European white veal production (Brscic et al., 2011) Whereas the issue at stake in veal calf production is primarily feeding and housing conditions, slaughtering calves shortly after birth is controversial on the grounds of the extremely short life these animals are given. In combination, these issues motivated the RSPCA and 
The male layer chick
Today's poultry production is highly specialized, to the extent that all commercial production is dominated by lines genetically selected for meat or egg-laying presented by a few multinational companies. The sex of the birds is an issue for production considerations in both meat and egg production, but while a female broiler chicken is still useful albeit slightly less productive than her male counterpart, male layer chicks are of no commercial value; they do not lay eggs and their slender bodies and slow growth make them unable to compete with broilers for meat production (even though this has been tried 1 ). Day-old male chicks of layer lines are presently killed, either by exposure to CO2 gas (after which carcasses can be used as animal feed) or by maceration (instant death but more limited use of the carcasses; see Leenstra et al., 2011 for a discussion of these alternatives).
Leenstra and collaborators (2011) investigated the view of Dutch citizens on how to manage male layer chicks in poultry production, using a combination of focus group interviews and an internet-based survey. Participants were asked to choose between and comment on ten alternative approaches divided into three main groups (Table 1 ).
The participants were unaware of the practice of killing day-old male chicks and were initially shocked to learn about it. When discussing the issue and the list of alternatives in focus groups, people considered a number of aspects, including animal-friendliness, naturalness, risks for human and animal safety but also practical considerations such as feasibility as well as resource and financial economics. No clear preferred option was evident, but "the study indicated that most people would support the pursuit of technological alternatives", with the preferred technological alternatives being "i) looking into the fresh egg (to determine the sex of the egg and not incubate male eggs); ii) influencing the laying hens such that they produce fewer male eggs; and iii) using genetic modification to facilitate sexing fresh eggs". Participants were also favourable to the idea of a dual-purpose type chicken, even though they recognized that this was not a very realistic option.
Of the alternatives presented by Leenstra and coworkers, only one is actually being considered for practical use: examining samples of incubating embryos in order to destroy male embryos. It is not yet in commercial use, but there seem to be only relatively 1 Leenstra et al. (2011, pp37-8) 
Reducing, re-using and refining in animal experimentation
The use of animals for scientific purposes raises specific issues in regards to the value of life vs. quality of life. The restrictive conditions under which laboratory animals are housed are not worse (and sometimes better) than those in which production animals live, but the fact that animals in biomedical research are often intended to model disease presents particular challenges when it comes to providing "freedom from pain, injury or disease".
Therefore, it is sometimes not possible to provide laboratory animals with 'a life worth living' (see Yeates, 2011 , for an overview of the origin of the concept). In such situations, early killing may be the most effective way to relieve welfare problems.
Technological solutions
Looking into the egg 1. Determining the sex of freshly laid eggs and not incubating male eggs 2. Determining the sex of early embryos and destroying the male embryos 3. Determining the sex of late embryos and destroying the male embryos
Changing the hen 4. Environmentally influencing the hens to produce fewer male eggs 5. Crossing the parents in such a way that male embryos are not viable
Genetic modification
6. To facilitate sexing of freshly laid eggs and not incubating male eggs 7. To make sex reversal of male embryos into female chickens possible 8. Such that male embryos die during early development
Other solutions
9. Accepting the current practice of killing day-old chickens 10. Less specialized chickens, so that the males can be used for meat production (dual purpose chicken) Table 1 . Potential ways to manage the problem of male chicks of layer breeds, which have no commercial or production value and are currently killed as day-old. After Leenstra et al. (2011) Fortunately, in most cases there are effective measures to reduce such distress and improve the wellbeing of animals used in research ("Refinement", one of the 3 Rs proposed by Russell and Burch, 1959) without compromising research results (Figure 2 ).
Some such refinements imply sharing the burden by several animals so that each animal is exposed to less accumulated distress. This is sometimes described as the "fairness to the individual" approach (Tannenbaum, 1999) , but it conflicts with another of the 3Rs, "Reduction"
(of animal numbers), as improving the wellbeing of each individual animal is done at the cost of using more animals (Olsson et al., 2012; de Boo et al., 2005) . The practical situation in which this dilemma is most evident is in the choice between re-using animals from a previous experiment or using new animals. Another case where refinement and reduction collide is the choice between group housing and single housing of animals in experiments requiring data at the cage level, such as in dietary research (Festing and Altman, 2002) . Group housing of social animals is a refinement, but in this case the cage becomes the experimental unit and group housing will hence result in more animals used.
We presented such reduction-refinement dilemmas to 195 participants in eight laboratory animal science courses held in four different institutions; most (83% overall) would rather house mice in pairs than individually (Franco and Olsson 2014) . Biology undergraduate students (n=71) with no experience in using animals in research responded in a similar way, with 85% favouring refinement and 15% favouring reduction (own unpublished data).
A more drastic reduction/refinement dilemma was However, when it came to dogs and primates, many of those who had previously opted for using 20 mice changed their approach, namely 31% for dogs, 21% for rhesus macaques and 38% for chimpanzees (32, 56 and 48% for biology undergraduate students). For these respondents, the way one values the life of a given animal versus the quality of life for each animal, appears to depend on which species the animal belongs to. Using large numbers of animals to avoid cumulative suffering is seen as a more acceptable approach for mice and rabbits than for primates and dogs. This was further substantiated by answers to a question about whether animals should be adopted or moved to sanctuaries after the experiment; rehabilitation was considered most important for companion animal species and non-human primates (Figure 3 ). Utilitarian theory relies on the aggregate consequences of actions, i.e. the right action is the one that produces the best overall good. While hedonistic utilitarians like
PHILOSOPHICAL PERSPECTIVES ON PRACTICAL CASES
Bentham and Mill held that we should act to maximize net happiness (Singer, 2011 ), Peter Singer (2011 has proposed that our actions should aim to do what on balance "furthers the interests of those affected." In the utilitarian take on animal ethics, the capacity to experience suffering and pleasure is usually taken as the basis of interest (Singer, 1975 In contrast to the utilitarian outlook, the value of animal life is central to animal rights theory. This approach is based on an extension of the Kantian concept of intrinsic value to all sentient beings, a view that inherently affords animals the right to be treated always as an end in themselves (Regan, 1989 biomedical research is that it is justified as long as it is conducted humanely and directed towards the benefit of human health (Pacholczyk, 2006) . In that sense, animal welfare takes precedence over longevity or whatever number of animals is used, and thus our actions should favour refinement, when in conflict with reduction. Within an environmental perspective, issues such as sustainability and resource management also need to be taken into account. Animal production has a substantial impact in global water footprint (Mekonnen and Hoekstra, 2010 ) and carbon footprint (Flysjö et al., 2012; FAO, 2010) , and some have suggested that increasing the longevity in dairy cows could lessen the environmental footprint by reducing "the replacement rate and the number of non-productive animals" (Boichard and Brochard, 2012, p 548) . However, an overall evaluation must also include the environmental consequences of shifting meat production from dairy to beef herds. It is unclear whether such an assessment is possible with existing methods for assessing environmental impact of livestock products (see de Vries and de Boer, 2010 for a review of life cycle assessments of livestock products).
DISCUSSION
In this paper we have discussed four real-life cases in which there is some sort of conflict between the quality and the duration of life. We have used different philosophical theories to shed light on the issues at stake, providing different answers to what the best solution may be to the different dilemmas. Similarly, studies of public perception show a diversity of views both among the general public and among specialists. Whereas there may be some "wrong" answers, it is less likely that there will be a single "right" answer to any of the dilemmas. In fact, this is exactly what characterizes a moral dilemma:
there is no answer to it which does not carry its own ethical cost.
Traditionally, research and practical efforts in animal welfare have been focused on avoiding suffering, and the importance of positive experiences have really only been highlighted during the last decade (e.g. Boissy et al., 2007; Yeates and Main, 2008) . This is probably reflected in some bias towards anti-suffering considerations in the analysis presented in this paper, with relevant consequences for how the quantity-quality dilemma is approached. In its most extreme form, focusing on avoiding suffering may make it "morally right to kill off everybody to prevent them from suffering" (Sandøe and Christiansen, 2007, p548) . In contrast, much of the moral concern over calves and chicks being killed shortly after birth / hatching is probably derived from the notion that these animals were never given the opportunity to live and to experience the good things of life.
There is also some bias towards the (more concrete) other. There are also important differences in terms of resources needed to generate a full-term young and, at least in the case of mammals, in the pain and distress associated with birth and separation of mother and young.
CONCLUSIONS
There are real-life cases in which there is some conflict between the quality and the duration of life.
In dairy cows, the increase in milk production has been accompanied by an increase in production-related diseases; both longevity and quality of life are decreasing.
Male dairy calves are of little value for rearing as beef;
these calves are typically killed during the first week of life, experiencing very little life at all, or are reared for veal production under conditions of low quality of life.
Dairy cow longevity and male dairy calves raise interconnected questions. Improved cow longevity would potentially make it economically viable for farmers to combine insemination with sexed dairy semen to generate replacement heifers, with meat breed insemination for the remaining reproduction, thus ensuring that only those calves that would become replacement heifers were of a full dairy type, whereas those that would go into meat production would be crossbred.
Male layer chicks have no commercial value. They are killed as soon as the sex can be determined, presently as day-old. Several alternative approaches have been discussed but the only economically realistic alternative under consideration seems to be killing at an even earlier time, i.e. before hatching.
In research using animals, there is sometimes a dilemma between striving to reduce total numbers of animals and to reduce the impact on individual animals, highlighted by the potential to re-use animals in different procedures.
Among scientists, there is no consensus of which of these principles should be given priority. 
